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. Introduction

I. Theoretical framework and calculations

a) MBPT for closed -shell nuclei

b) MBPT (Q-box + folded diagrams) for open-shell nuclei
AsProf. F. R. taku 0 s

c) MBPT for nuclear reaction (RGM)

lNl. Summary and Outlook /



Perturbation theory

takes us from a simple, exactly solvable (unperturbed) problem to
a corresponding real (perturbed) problem

<7 The key formulas in perturbation theory  are
H= |:|0 + (F' — |:|0) = |:|0 T V |:|0(Dn — Ego)q)n
¢? In MBPT the ambitionistoincludein Hyas much fAm@mbys

possible ,sothatVr epr esent s peaturbattoma |l | 0
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History of MBPT

Keytool f rom 195006s to 19700s
u Rayleigh -Schr 6édinger perturbation theory

u G-matrix, Brueckner -Hartree -Fock method

U Valence -space shell -model interaction ( Q-box + folded diagram)

&) Great depressionin 19806 s
U Depending on a starting energy parameter of  G-matrix
U Poor convergence of the intermediate  -state summations (tensor part )

U Intruder states

7 Today MBPT is coming back ...
U RSPT with soft potential ( V,,,,.., SRG, UCOM, OLS)
U Bogoliubov MBPT
U Auxiliary method (importance truncation, natural orbital basis)

U Realistic Gamow shell model (Extended Kuo-Krenciglowa method)
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MBPT for closed -sheII nuclel

B; -
—= gy — P -
H = Z (1 ) Zm (Vj\\ j ) ) E;k 3N.ijk

Raylelgh-Schrbdinger perturbation theory

1]

H=Ho+ (H=Ho)=Ho+V Eo=Ey) + EV + EP + EY +
Av, = EW, oty = B0, £ _ (047160
BE-E-E] £0  toufiRaiio
Vo = Z [ﬁo(Eéo))(V - AE)]m‘bo ELY) = (00| VRo(V — (90|V]0))RoV|Po);
m=0

N W : Wo — do + Wi + w@
AE = (®o|V[Ro(E5”)(V — AE)]"|0) o
e Wi = RoV|do)
where Rp = ) ©i){®i

0 0 ~ ~ ~ ~
e B — B W® — Ro(V — ESV)RoV o)
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Advantages in HF basis, compared with HO basis

Faster convergence

Some perturbation

diagrams are cancelled out

In HO basis, calculations
c oul d ¥ bependent,
while much less in HF

basis
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RSPT for closeshell nuclel

) A e
u Perform a Hartree -Fock calculation ] { } +r }’”
1] 77—”—”—"—77}7\ D1 B
g = '\ 4 P2 PG‘ ?hz I\ ho hg [\IPE
U HF state is chosen as a reference state H VARV VA f y
U Inthe HF basis, make RSPT corrections (o):e S e
A Energy up to 3 " order {/ \‘\.\ ﬁ \n ,«A \ f//\w
hl‘ m P2 ‘--‘ ----- ;!LI I‘fl ha A -----
A Wave function up to 2 nd order (One -body density) 7,\ }k t J, ' ‘ ! t jm '
, /. \J "\
E=EOQ+E1) +EQ+EQ) + ¢ (¢):per (d):pea
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HF-RSPT calculations for

160 with N 3LO-SRG, Ng,;= 1 3 ¥ =3k MeV

Binding energy

SRG flow parameter A (fm ')

Expt. [60]

SHF

| 3l 2

IS
SHF+PT2+PT3

1.3 24 2.5 3.0
—127.619 —-127.619 -—-127.619 —127.619
—169.968 —133.169 —85.173 —44.102

—10.132 —29.497 —59.617 —88.326
—0.794 —1.931 —4.630 —7.359

—180.893 —164.597 —149419 —139.767

3NF important !

Point -proton rms radius

B.S. HUF.R. Xwet al.,PRC 94, 0143Qq2017)

SRG flow parameter A (fm™')

1.5 2.0 I8 3.0
Expt, 2.581 2:581 2.581 2961
SHF 2.098 2.096 2.201 2.345
P2 0.011 0.011 —0.006 —0.042
AF, —0.067 —0.067 —0.070 —0.073
SHFE4-PT2 L Arem 2.042 2.040 2.125 2.230
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Inclusion of 3NF

A A A
- 1\ 7 ,\ i - @ @ b
= Z (1 - A) 2m i Z (VNNM - mA ) Z Vawign = Z e Z Hij N Z Van s
i=1 1<J sk 1<j 1<g<k
- ( ST (1), 1 i G (2)1.:: 1 v = 3 3
H:Z(?,|H |7) —|—§Z<23|H lij) —f—EZ(ZjI’JH/gNhjk) T e
i ij ijk

Normal ordering

with HF oo
reference state T Z ( p|H |q ¥ Z p"|H |q? Z(PUW% |Q7J>) g

iJ

+— Z ( (pg|H®|rs) +Z (pqi|Van |rsi) ) e

pq’."‘S

I 5
T g Z (pqr|Van|stu) : ptgiriats . | = Discard residual 3B part:
36 ,

J

NO2B approximation

qrstu

1 .
— Z pq|ﬂf|r R +% Z {pqr|Van|stu) : prgTrtats :
H _ [_’]HF + ";r pqrs pqrstu

"= (<pq|H Brsy + Z(Pqil‘?éwl?‘s‘i)) pgtsr
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ASG diagram expansion when 3NF is included

E®):; 56 terms (Derived for the first time)

y 4

e
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